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INTRODUCTION 


Wheats of certain classes containing a high percentage of hard and 
vitreous kernels usually command a premium over the price paid 
for the yellower or more starchy appearing wheats of the same class. 
The reason is that the hard vitreous Kernels are more glutenous and 
are generally believed to have superior bread-making qualities. This 
belief has existed in the minds of the grain trade for many years, and 
because of it when the official United States grain standards were 
promulgated, the percentage of hard and vitreous kernels present was 
taken as the basis for establishing subclasses for the hard red spring, 
hard red winter, durum, and white wheat classes. 

In the official grade requirements fer the hard red spring and hard 
red winter wheat subclasses, these kernels are referred to as ‘‘dark, 
hard, and vitreous”; for the durum wheat subclasses as ‘‘hard and 
vitreous kernels of amber color’’; and for the white wheat subclasses 
as ‘hard (not soft and chalky)”. 


SOURCE AND DESCRIPTION OF SAMPLES USED 


To establish definitely whether a relationship exists between kernel 
texture and milling and baking quality, the following special studies 
on the hard red spring, hard red winter, and durum classes were made. 
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With the aid of certain of the Federal grain supervision offices of the 
Bureau of Agricultural Economics and the Office of Cereal Investiga- 
tions of the Bureau of Plant Industry, three special samples each of 
hard red winter and hard red spring and two of durum wheat were 
obtained and from a portion of each of these there were separated, by 
hand picking, a sufficient quantity for milling, baking, and chemical 
tests of kernels of the three following types of texture: (1) Dark, 
hard, and vitreous, or amber; (2) spotted or mottled; and (3) yellow » 
‘or starchy. Considerable care was taken to make these separations 
as distinct and consistent as possible; that is, the kernels selected as 
dark, hard, and vitreous, or as hard and vitreous and of amber color 
were practically 100 per cent free from starchy specks or spots. 
For the sake of convenience this type of kernel texture hereafter will 
be referred to as ‘‘dark.”’ The yellow or starchy kernels varied 
from seven-eighths starchy to all starchy in appearance. The 
spotted or mottled Kernels included the in-between range of starchi- 
ness, from a mere speck up to seven-eighths, and for that reason 
varied more widely in appearance than did the kernels of the other 
two separations. 

The separations of kernels of dark type of texture made in connec- 
tion with this experiment corresponded with the separations which are 
made in the grading or inspection of wheat for marketing purposes, 
except that the latter AS include the slightly mottled Kernels. 

Three of the samples selected represented commercially-grown 
wheat, and five were true varietal wheats grown at agricultural 
experiment stations. In procuring the commercial samples, care 
was taken to insure against their being mixtures of wheats from 
different sections of the country. The true varietal samples were 
selected in order that, on at least a portion of the experiment, there 
would be positive assurance that any differences shown in results 
would not be due to differences in variety, climate, soil, or cultural 
conditions. Furthermore, for the sake of convenience in separating, 
each selection was of bright clean wheat containing approximately 
equal proportions of these three different textures of kernels. There 
was one exception in the case of the hard red winter wheat sample 
No. 7489 from Lincoln, Nebr., which was slightly bleached from 
weathering. 

The separating of these kernels by hand in quantities sufficient 
for the tests involved a tremendous amount of tedious work. In 
separating the kernels into these three texture groups all foreign 
material and broken and damaged kernels were discarded. Before 
milling the portion representing the original sample the foreign 
ts present was removed but not the broken and damaged 

ernels. 

The hard red spring wheat samples, M. I. Lab. Nos. 7006 and 
7276, were obtained in Oregon and No. 7066 was obtained in Minne- 
sota. Samples Nos. 7006 and 7066 represented commercially grown 
wheat and No. 7276 represented the Marquis variety grown on a 
single experimental plot at the agricultural experiment station, 
Corvallis, Oreg. 

The hard red winter wheat samples bear the M. I. Lab. Nos. 
7005, 7154, and 7489. Sample No. 7005 was a commercially grown 
wheat from St. Marys, Kans. The samples numbered 7154 and 
7489 were both of the Kharkof variety. The former sample was 
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erown at the United States Plant Introduction Station, Chico, 
Calif., and the latter at the agricultural experiment station, Lincoln, 
Nebr. 

The two durum wheat samples tested bear the M. I. Lab. Nos. 
7401 and 7402. These both represent true varietal wheats grown 
at the agricultural experiment station, St. Paul, Minn. Sample 
No. 7401 was of the Armautka variety and 7402 of the Kubanka 
variety. 

In Faanion to the results given in tabular form, graphs are pre- 
sented for some of the more important factors discussed, that the 
results may be more readily compared and that the extent of the 
differences may be more apparent. 


PHYSICAL CHARACTERISTICS OF KERNELS OF DIFFERENT 
TEXTURES 


In Table 1 data are presented that show the test weight per bushel 
of the cleaned wheat in each separation before scouring, the test 
weight after scouring, the weight per thousand kernels, and the 
specific gravity. 


TaBLE 1.—Data pertaining to the physical characteristics of kernels of the different 
types of texture 


Test weight per 
bushel 


Labora- . 
Weight . 
iors, Type of kernel texture: per 1,000 | SPecific 
No. of Rernals gravity 
sample Before After 
scouring | scouring 
HARD RED SPRING WHEAT SAMPLES 
Pounds | Pounds | Grams 

TU ara pp eel EN ea foe ae nat AER a 59. 4 60. 0 24.7 1. 3816 
TAD aye) BRIN IOS He (580 best cats eee ea aie eo ld 62. 2 62.8 30. 5 1. 3801 

ISS AEC ype aecereehe rehd aee E e tae 60. 9 61.9 29.3 1.353 
1D irl een” tee es Pe te Sas = re ee er eee oe 62.3 62.8 28. 8 1. 3879 
"OGG IVE GE eer EL rae ae ae ah ta 62.3 63. 0 Pls Vl 1. 3835 
Stan Cla yee er a Os NEL eS in SE 60. 1 60. 6 27.4 1. 3226 
1 YR Se a a en perp pen pa ean ee ie 63. 2 64. 2 29.7 1. 4023 
7276 {Matiea SS So ags Se ee ae ee a ee eS 63.3 64.1 33. 9 1. 3722 
PARC Wye cette Dak eases RS ako ee Ie Na irg  e S, 62. 0 63. 1 32.1 1. 3426 

HARD RED WINTER WHEAT SAMPLES 
LBB Fs se a ania oh ta me a A a 61.4 62.9 PART 1. 4163 
FCA WV ROLL IO C= eee een teeny eerie se ae ae ee 61.7 63. 2 25. 0 1. 4094 
Siem eet oe 60.7 62. 0 25.1] 1.3533 
Wa heer = palit ter re tn oe a a ee 62.1 63.1 29.1 1. 4135 
LDA a VObi Geta teen Re eens eee he ee ke 62.3 63. 3 31.8 1. 3856 
SARE WR ae ere ne Pe Mee eee oer ee a 61.2 61.9 32.6 1. 3450 
7489 SU) cant ec peat sire pos ps ee ee ee ee 60. 6 62.1 26.9 1. 3850 
IMIOGe Mees ee seer a ee ee eee 58.9 60. 1 26. 7 1. 3343 
DURUM WHEAT SAMPLES 

OTH coe ie oe ae ee he ee 63. 4 63.1 46.0 1. 3977 
7401 | Motted i es IS gi EEO a pe TE ES ae TT SRLS 63. 6 63.3 43.7 1.3763 
SEARE IY Best ee ate ee ee nN BL en AD a oer 62.3 62.1 39. 1 1. 3371 
Darko atk Pew eR ee en ees Satie 3 >! 63. 5 63.1 41.5 1. 3980 
7402 {Mote be Se ae See aR ee ae ee Eee aes 63. 5 63. 2 42.0 1. 3845 
SUARehiypreee Sonne en ores setts ee Sea, 62. 4 62.1 37.1 1. 3430 
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TEST WEIGHT PER BUSHEL 
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Fig. 1.—Comparison of the test weight per bushel of the separat 
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in test weight per bushel both before and after scouring. The 
differences in test weight between kernel textures were comparatively 
small. The kernels of dark texture averaged 62.2, the mottled 62.7, 
and the starchy 61.4 pounds in test weight before scouring and 62.7, 
63.3, and 62 pounds, respectively, in test weight after scourmg. 
Although not of particular importance in connection with kernel 
texture, it is of interest that scourmg had the effect of increasing the 
test weight of every one of the hard red spring and hard red winter 
wheat separations, whereas with the durum separations it had just the 
opposite effect. The reason for this reversal of effect in the case of 
the durum wheat separations is not known, but a similar tendency has 
been observed before in connection with tests on other durum samples. 


WEIGHT PER 1,000 KERNELS 


A considerable spread was shown in weight per 1,000 kernels. 
The lowest weight was 23.7 grams for the dark kernel separation of 
the hard red winter wheat sample No. 7005 and the highest weight 
was 46 grams for the dark separation of the durum sample No. 7401. 
Considering all the samples no consistent tendency was shown for 
any type of separation to weigh more than any other type. The 
only definite fact established by the results was that the weights of 
the durum separations were in every instance higher than those of 
the hard red spring and hard red winter wheat samples. 

It might be expected that the weight per 1,000 kernels would have 
a consistent relation to test weight per bushel but this 1s not the case. 
For example, in the separations for the hard red winter Kharkof 
variety sample No. 7154 the starchy textured kernels, although 
lowest in test weight per bushel both before and after scouring, was 
highest in weight per 1,000 kernels. 


SPECIFIC GRAVITY OF KERNELS 


The data presented on specific gravity show a very definite relation- 
ship between that factor and Kernei texture. In each sample the 
dark separation was highest in specific gravity and the strachy 
separation lowest. The mottled separations of four of the samples, 
however, were higher in specific gravity than were some of the dark 
Separations from other samples. 


MILLING YIELDS 


In Table 2 the milling results obtained from the various types of 
kernel texture are given. The products resulting from the milling 
of these wheats were straight flour, bran, and shorts. 

The results given for flour yields were in most cases highest for 
the dark kernels. This is particularly significant because the dark 
kernels were not highest in test weight per bushel. In other mill 
products the starchy kernels usually yielded the greatest percentage 
of bran and the least percentage of shorts. No consistent differences 
in bran or shorts yields were noticeable between the dark and mottled 
kernels. The durum wheat separations consistently yielded the 
highest percentages of flour and the hard red spring wheat samples 
yielded the lowest. 
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In milling gain or loss the greatest gains usually resulted in con- 
nection with the dark kernels and in every instance the least gain, or 
reatest loss as the case may be, occurred with the mottled or starchy 
oils: In consideration of the small number of samples tested 
and of the relatively high experimental error in milling yields, only 
slight reliance should be placed in the yield tendencies noted here. 


TaBLE 2.— Milling results from the different types of kernel texture 


Labora- . . . Milling 
Yield Yield Yield 
Ry Type of kernel texture of of of ter 
sample flour bran shorts gain (-4) 
HARD RED SPRING WHEAT SAMPLES 
Per cent | Per cent | Per cent | Per cent 
Darke ar ewe Pele sa ile eeokc i huni OG eener en Belt 69. 4 14.8 16.5 +0.7 
T0065 WO ttle cee aes ee ea ee ene ee 68. 8 13.7 16.7 —0.8 
Starchiyesa. oer oe Madan s meses eee tees like SAE een SVN 69. 2 16.8 152 +1.2 
Dar Kes ce ae oy rescnce e Ae eee ee oes aha 71.8 15.9 15.0 +2.7 
(Ua aye Wi Ere aH oi 0 Weeiteass er ee ata tee Pee a Sen ee 72.9 14.8 14. 4 +2.1 
S Gar Gla yee 2 i Sa seed a ok ae Ae ella Oh ae 70. 6 20. 4 10. 7 +1.7 
HD Fey el came AON aaa eng Alp ee ye pl no eee ee 70. 7 15. 4 13.4 —0.5 
0216 IN OCt CG as oe 2s tes aleve Bae pe Mientras ee 72.3 15.5 Te) —0.7 
SS Gegr bn yk a ag ae Ree Me ec et par 69.5 14, 4 15.5 —0.6 
HARD RED WINTER WHEAT SAMPLES 
1D Ys) 9 ey Peden ces Me ort oes epi hy OO IM ee cm 73.7 Ze 2 11.5 +2.9 
ZOOS | RUN OEE LCG een ye a CRG NS Rete 73.8 12.6 15.3 +1.7 
Sitar hiy 2a ee ee ae aca Sn Sees a eee ie eee 72.6 17.5 11.7 +1.8 
AD Fy cl Ge ey earns Des Re De ie ae hee ete a 74.3 13.4 15.3 +3.0 
TAB A INE OLE CGE et Te CP ae LED ie eh ee 72.8 14.8 14.8 +2. 4 
Starch yee a eS Se cee eee 71.8 16.5 13.9 +2. 2 
7489 STS egy ee a SS Le Sa a 1 1333 15.9 12.9 +2.1 
Mio ttleds is 2G 22s eB St. Se ee eee 73.0 14.9 13.0 +0.9 
DURUM WHEAT SAMPLES 
BD Vig eee iene as cape ce nw A aan eNO lions eh 75.4 9.7 15.6 -+0. 7 
TAOTS NOt Cee eee ae eon ee ee ie 75.0 9.5 14.7 —0.8 
Starchiy 22 Sle Ces a ie ie 74. 6 12.7 12.9 +0. 2 
SB) Su eee i SS Sea TS a a ae 75.7 13.1 12.6 +1.4 
(4025| Miottledaa® 2) Bae St aoe Sete eee ee Siren 73.5 13.5 14.3 +1.3 
SHUN CO) (fee crane GT ae Sa CaS en ale SN oe sy be ee 74. 5 15.9 11.2 +1.6 


BAKING RESULTS 


Data concerning the baking results are presented in Table 3. 
Duplicate baking tests were made for each of the separations. The 
uantity of flour used for each test was 340 grams regardless of 
ie moisture content of the flour. The results here given for loaf 
volume, water absorption, and weight of loaf, however, are on the 
uniform basis of 340 grams of flour at 13.5 per cent moisture content. 
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TaBLeE 3.—Baking results from the different types of kernel texture 


Labora- iets Volume | Weight | Color | Texture 
tory No. Type of kernel texture “ian r 0) of of of 
of sample Aout loaf 1 loaf 1 bread bread 
HARD RED SPRING WHEAT SAMPLES 
Cubic 
i centi- 
Per cent | meters Grams Score Score 
1D api fees tah ya elina sari Ae i Nal 59. 6 2, 180 496 94.3 90.5 
ZOOGU< WiOt tle ditt ais. vet De as ee 56. 7 1, 890 493 93.0 91.0 
Stanchiy a8 yk Tang et Ts ee Res | 50. 7 1, 840 471 91.0 87.0 
Ds MS ER TN OE ICT oe Sie es 57.9 2, 140 494 95.0 92.3 
MOGGE IVT Le eo ese eas ae Sere a eS 55.5 2, 040 489 94,0 90. 0 
Stance hiy sere eer ne seen se ne eee ene ne ee 54. 6 2, 050 488 94.5 90.3 
STB) Ts Kee ae er a re ee NE a hey 1 59.3 2, 050 498 93.5 91.5 
ZEPAVEAC TING LOY FLD 2X6 tare gu Soe ameter eee Wn ee een ae 57.8 1, 930 497 93.5 91.0 
S Gan lniyg es ae ily Diet naan ee ane oe 55. 4 1, 910 488 93. 0 87.0 
HARD RED WINTER WHEAT SAMPLES 
1D Td :eeaaesae Tee ere Rigas eee eee ee ee 58.8 2, 160 500. 93. 0 91.3 
ZOO Ntottledess n> 53 Ra ee ee ee 58. 5 2, 020 501 93.8 90. 5 
Stanly ten Seek a ae A 57.1 1, 910 500 93.0 90. 5 
1D eye ees ee ate Se ee ER es San ke eee 61.6 2, 060 508 93.0 90. 0 
ZEUS. | PANG FOV VEG Leelee cos enc nln eran cours aes Ni 74 2, 000 496 93.0 88.3 
Starchiyssesd ei om eee eee 53.8 1, 900 487 93.0 87.0 
7489 {Mon PE SGM AH emit Pah YS NL el OPC ge a 57.0 2, 280 490 94.0 95.5 
TM T(OS FU) 2y0 Iie SO Na a aes eae Rape mare 56.5 2, 370 488 93.8 96.0 
DURUM WHEAT SAMPLES 
1B Yai 1 eee = ees CD Ione teens Sn baa aay SMS 60. 2 1, 850 502 91.5 91.0 
TAO TEI NEOUS erae s 55. 9 1, 860 491 91.5 91.5 
Stanchiyee ee ie eR ede eae 53. 4 1, 940 485 90. 8 91.5 
AUD) Aire ere elit ke ee el 57.8 1, 890 491 91.0 90. 0 
TAO2 EIA IVEO leds Sikes antral aid ane eae ae 58.3 1, 980 493 91.5 90.5 
URS iTG! ah peer hile napa. BRA Cra 3 eae 52.4 2, 080 474 91.0 92.0 


1 Basis flour (340 grams) at 13.5 per cent moisture content. 


WATER ABSORPTION OF FLOUR 


In water absorption of flour the dark kernel separations were 
highest in every instance except in the durum sample No. 7402, and 
in every instance lowest for the starchy kernel separations. The 
differences shown in most cases were very marked. For instance, in 
sample No. 7006 the water absorption for the dark kernels was 59.6 
per cent, whereas for the mottled kernels it was 2.9 per cent less and 
for the starchy kernels 8.9 per cent less. This consistent and marked 
relationship between kernel texture and water absorption, because of 
the influence of water absorption upon the number of pounds of 
bread that can be produced from a given quantity of flour, argues 
well for the higher baking value of the dark kernel types of wheat. 
A graphic comparison of the water absorptions of flour for the three 
different types of kernel textures is given in Figure 2. 


VOLUME OF LOAF 


In all the hard red spring and in all except one of the hard red 
winter wheat samples the greatest loaf volumes resulted from the 
dark-kernel type separations. The exception noted may have re- 
sulted in part at least from the fact that this hard red winter sample 
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had been exposed to wet harvest conditions, thereby slightly bleach- 
ing many of the kernels and causing some of them to be separated 
as mottled or starchy when probably they should have been separated 
as dark. Furthermore, the same condition which-caused this may 
have had a maturing effect on the kernel or may have started germina- 
tion to an extent sufficient to improve the baking quality as it is a 
well-established fact that the admixture of small. quantities of 
slightly germinated wheat with sound wheat noticeably improves the 
loaf volume. In the two durum samples the best loaf volumes were 
from the starchy separations. Inasmuch as the durum samples were 
normal in the matter of condition, it is probable that this is a normal 
tendency for this class of wheat. In Figure 3 is given a graphic 
comparison of the loaf volumes for the various separations. 
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Fic. 2.—Comparison of the water absorption of the flours milled from the separations of dark, mottled, 
and starchy kernels of wheat 


WEIGHT OF LOAF 


With but two exceptions the loaves baked from the flour produced 
from the dark kernels weighed the most, and all except one from the 
starchy kernels weighed the least. This is in accordance with what 
should be expected when considered in connection with the water 
absorptions of these flours which showed a similar relationship to 
kernel texture. 

TEXTURE OF BREAD 


As in loaf volume the dark kernel separations of the hard red spring 
and of the hard red winter wheat samples and the starchy separations 
of the durum samples showed, except in the instance of wheat No. 
7006, the best texture of bread, or in other words, the separations 
giving the best loaf volumes also gave the best texture of bread. 
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COLOR OF BREAD 


In color of bread the dark kernels were superior in three out of 
eight samples, tied for first honors with the mottled kernels in three 
other samples, and were inferior to the mottled kernels in the two 
remaining samples which indicates only a very slight tendency toward 
superiority on the part of the dark kernels. 

It is interesting to note in connection with the durum wheat 
separations that, unlike the results obtamed for loaf volume and 
texture of bread, the starchy separations gave the lowest scores 
instead of the highest. Furthermore, the color of bread for the 
durum wheat separations was almost the reverse of that of the flour. 
The starchy separations produced the flour of lightest color, but the 
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Fic. 3—Comparison of the loaf volumes of the bread baked from the flours milled from the separations 
of the dark, mottled, and starchy kernels of wheat 


bread baked from this flour was creamier than the bread from the 
dark separations. 


CHEMICAL COMPOSITION OF WHEAT KERNELS OF DIFFERENT 
TEXTURES 


Determinations were made of the chemical composition of wheat 
kernels of the three types (dark, mottled, and starchy), as well as 
of the flour milled from these wheats in connection with the milling 
and baking studies. Unless otherwise noted the methods used were 
those found in the official and tentative methods of analysis of the 
Association of Official Agricultural Chemists. These data are given 
m Table 4, All data are reported on a 13.5 per cent moisture basis. 
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ASH, CRUDE FIBER, AND FAT CONTENT 


It appears from the data presented and from the upper graph in 
Figure 4 that the starchy kernels of five of the eight samples contained 
less ash and less fiber than the dark and more vitreous kernels. 


ASH IN WHEAT — PER CENT 
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Fic. 4.—Comparison of the ash content of the separations of dark, mottled, and starchy kernels of 
wheat and of the ash content of the flour milled from each 
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The fat content was greater in four of the starchy types of kernels 
than in the more vitreous types. 


Tasue 4.—Chemical composition of the dark, mottled, and starchy kernels as they 
occur in the same sample of wheat; basis, 13.5 per cent H2O 


Labo- 


- | Nitrogen- 
ratory Type of kernel texture Ash Fat Fiber | Protein aes 
No. of NX5.7 fick 
sample es st 

HARD RED SPRING WHEAT SAMPLES 
Per cent | Per cent | Per cent| Per cent | Per cent 
AD) hr ee ee dT ee ee Tip ME GO vee ak Ov, 14.39 65. 89 
OOBRIREVIO UL ed see aes se ead OP eae TR oh GC 1. 93 2. 56 9. 86 70. 38 
Lar Chiy meee eee eee ES ae, SE 1.73 2. 04 2. 66 8. 82 71. 24 
1B) aT kece ee ee Som ES eae ee AE Se 1.76 1.99 2. 85 11. 78 68. 13 
4066715 Mottled). - 2.2223 « a ees 1. 76 2. 04 2. 60 9. 71 70. 38 
SLA CIhy eee eee ee Pe Rn, Se eee 1. 78 2.10 2. 56 9. 86 70.19 
MD) a1 kate ee end betes RE gy Ree Re 1.89 2.14 2. 54 11. 63 68. 30 
M21 GHWT ObE ed Ss 2 ea tec Se het Be 1. 80 2.01 PPA 9. 32 71.10 
IStarchyissc.)-0), 0. 0 oy enti 1.76 2. 08 2. 34 8.09 72. 28 
HARD RED WINTER WHEAT SAMPLES 
HD) Tye carte ee ees See is Re 1.88 1.61 2. 59 INES 68. 65 
HOOSE | SVU EEOC eres ee tal 2 ee ere ee 1.89 1267 2. 53 10. 21 70. 21 
Starchty, 1:52.23. ane ie as i 1.81 1. 64 2.49 9. 22 71. 34 
CT ete as a as St EAE SS eae ees Fn 1. 76 1. 48 2. 49 10. 7 70. 07 
ALG SCY OY AR (ye eee ee AN RS Oe Se Se See ieiy 1.49 2. 48 8.18 CCRT 
SUD te BO com Se Sa ea 1.54 1. 46 Dae, 7.49 73. 49 
7489 {tt Sioa dvity 3 Bye dw Se ete A ee SIRE U7 1. 63 2. 59 13. 66 66. 92 
IVPOL EGC eee ie ah i ie Se 1.78 Lee Zao, 13. 02 67. 66 
DURUM WHEAT SAMPLES 
YEN ah Se oP RO tA ag Bal Ne Ea aes MR Ct 1. 88 2.01 2. 53 12.09 68. 00 
MAO NEO Lede ost in ee es ie ee 1.78 2. 06 2. 48 10. 01 70. 12 
5 GST CN ey a a eee aes 1.78 2D 2. 55 8. 87 71.14 
ID En te. See see Oe er ee ie ee 1,91 2. 02 OATH 11.49 68. 37 
AGI EIVEG tLLGG Se se ee ee ee ee 1.91 1.78 2. 60 10. 01 70.19 
S far chives ek 2 Sarees see Re 8S 1.80 2. 07 2. 62 8. 93 71. 08 


CRUDE PROTEIN CONTENT 


The crude protein content of the wheats varied from 10.70 per cent 
to 14.39 per cent for the dark kernel separations, from 8.18 per cent 
to 13.02 per cent for the mottled kernel separations, and from 7.49 
per cent to 9.86 per cent for the starchy kernel separations. Although 
the variation in the protein content shown for the dark kernels from 
the different samples is considerable, and although the mottled 
kernels from one of the samples was higher in protein content than 
those of the dark kernels from other samples, yet the fact that in every 
sample the dark kernel separation had the highest protem content and 
in every sample except one the mottled kernels the next highest pro- 
tein content is substantial proof of the existence of a close relationship 
between that factor (protein content) and kernel texture. The varia- 
tions between samples, on the other hand, instead of disproving this 
relationship, merely indicate that other factors such as variety, soil, 
and climatic conditions also have important influences on the protein 
content of wheat. 

Averaging all the samples, a much higher protein content is found 
in the dark Sacks as compared with the mottled and starchy kernels. 
The mottled kernels had only a slightly higher protein content than 


; 
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the starchy kernels. The average difference between the dark and 
mottled kernels was 2.4 per cent, whereas between the mottled and 
starchy kernels it was only 0.8 per cent. The relationship between 


CRUDE PROTEIN (Nx57) IN WHEAT — PER CENT 


HARD 
RED 
WINTER 
Sample 
Nos. 


[23] starchy 


CRUDE PROTEIN (Nx57) IN FLOUR — PER CENT 
6 8 10 12 14 


HARD 
RED 
WINTER 
Sample 
Nos. 


BER Dark ESS8] Mottled [=] Starchy 


Fic. 5.—Comparison of the protein content of the separations of dark, mottled, and starchy kernels of 
wheat and of the protein content of the flour milled from each 
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protein content and the kernel texture of these samples corresponded 
very closely in kind and extent to that noted in connection with the 
water absorption of the flour milled from them. The differences 
between the protein contents of the various separations of each of the 
samples is shown graphicly in Figure 5. 

The nitrogen-free extract—that is, constituents of the wheat such 
as starches, sugars, gums, etc.—is determined by subtracting the sum 
of the other analyses from 100. With every sample studied, except 
No. 7066, this factor increased progressively with the degree of 


starchiness. 
NITROGEN COMPOUNDS OF THE WHEAT 


Since it is the giuten-forming compounds of wheat which give flour 
its bread-making qualities, special attention was paid to the nitrogen 
compounds in the various types of kernel textures. Tests were made 
to determine the amounts of albumin, globulin, and gliadin present 
in the samples under study. The methods employed for determining 
the gliadin in both the wheat and flour were those recommended by 
Baileyt and Blish. 

Tests were first made relative to the nitrogen compounds. A study 
of the data for this factor, given in Table 5, shows that there was a 
progressive decrease in the quantity of salt-soluble protein, albumins, 
and globulins, as the degree of starchiness or softness increased. This 
fact was the same with all the samples studied. It was found also 
that the gliadin, or alcohol-soluble protein, decreased in percentage as 
the percentage of starchiness increased. 

Comparing the physical characteristics of the various types of 
Separations with the baking strength of the flour milled from them, 
it was found that there was a positive correlation between the volume 
of the loaf and the percentage of salt-soluble and alcohol-soluble pro- 
teins, exception to this being noted with the two samples of durum 
wheats tested. 


CHEMICAL COMPOSITION OF FLOURS FROM WHEAT KERNELS OF 
DIFFERENT TEXTURES 


Data obtained regarding the chemical composition of the flours are 
of more interest than those obtained from a study of the wheats from 
which they were milled. The data on this phase of the subject are 
given in Table 5. 

The tests made upon the flours included moisture, ash, total pro- 
tein, gliadin, wet and dry gluten, hydration capacity of the gluten 
- protem, and the acidity of the flour. The results are expressed on a 
13.5 per cent moisture basis. As with the wheats, the protein of the 
flour decreased progressively as the percentage of starchiness in- 
creased. ‘This is true likewise of the glhadin. There was a decided 
decrease in the percentage of wet gluten of flour from the dark kernel 
Separations down to the starchy kernei separations. This factor 
likewise decreased as the starchiness of the samples increased. What 
is true of the wet gluten was likewise true of the dry gluten analyses. 

Hydration capacity of the gluten decreased as the texture changed 
from vitreous to starchy in almost every instance. 


1 BattEy, C. H., and BiisH, M.J. CONCERNING THE IDENTITY OF THE PROTEINS EXTRACTED FROM 
WHEAT FLOUR BY THE USUAL SOLVENTS, Jour, Biochem,, vol. 22, no. 1, p. 345. 
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With the exception of samples Nos. 7066, and 7006, the ash content 
changed to a progressively lower percentage, with an increase in the 
starchiness of the kernel. In most cases the flour from the starchy 
kernels gave an ash content similar to that obtained from soft wheats. 


TasLe 5.—Percentage of protein, salt-soluble nitrogen, gliadin, wet and dry gluten, 
hydration capacity of the gluten, ash, and acidity of the flour milled from different 
iypes of kernel texture separations; basis, 13.5 per cent HO 


Gluten H20 
ab- 
Labo- Pro- |_ Salt: sorbed a eteoeee 
ratory Type of Kernel : soluble + as Ratio Acidity 
No. of texture wee nitro- Gliadin be- sand Ash (lactic) 
sample : gen Wet Dry | tween of dry 
wet and gluten 


HARD RED SPRING WHEAT SAMPLES 


Per cent| Per cent| Per cent| Per cent| Per cent| Per cent| Per cent| Per cent| Per cent 


Market: 2u. jee 13. 41 1.29 | 10.37 | 38.65] 14.74 2.62 | 162.2 | 0.473 0. 215 

7006 | Mottled= === 8. 78 1.05 6.55 | 25.11 | 10.63 2.36 | 159.4 . 484 244 
Stanchives==s==e=aam 1:89) 22s a Se ee | Se oe ee eee | Eee AT 2| sen eases 

Dark? 02 ys Soe 10. 60 1.19 8.04 | 30.76 | 12.03 2.56 | 155.4 389 181 

7066 {Mot ledek es es 9. 42 1. 06 6.84 | 26.32 | 10.26 2.57 | 156.8 449 214 
Starchy2=es=2 sees 9. 02 1.02 6.61 | 24.06 9. 44 2.55 | 160.5 407 171 
Danke 2 Sy eee es 11. 14 1.47 7.98 | 33.67 | 12.83 2.62 | 166.1 596 267 

TPR AR SING NOL EG a 8. 63 1. 23 6.38 | 24.46 9. 55 2.56 | 160.5 553 214 
Stanchiyae-e==-=se== 7. 34 1.11 5.07 | 19.72 7.73 2.55 | 164.7 466 257 

HARD RED WINTER WHEAT SAMPLES 

AD Feet se Semele iy the pe 11. 24 1. 26 8.26 | 29.99 | 10.89 2.70 | 101.6 . 452 . 184 

7005 {Metical ee ee ee ee 8. 97 1.13 6.84 | 25.79 9. 28 2.77 | 179.9 . 404 . 231 
UAC Iyer 8. 23 1.00 5.65 | 20.91 7. 63 2.74 | 169.5 . 881 179 
(Danke 9.91 1.16 7.58 | 28.19 | 10.41 QA |) 20555 . 452 . 182 

tot =| iol tile das ae 7. 20 1.00 5.30 | 19.71 7.13 2.76 | 180.9 . 390 PAL 
\Starchy Et AU ter Se) 6. 46 . 78 4.96 | 15.95 5. 95 2.68 | 167.8 . 389 ay ay’ 

7489 Danke rs. Sa eee ars 12. 03 1.44 9.29 | 35.66 | 10.66 3.35 | 196.2 . 364 . 187 
¢ Mottled2as 2.2255 11.39 1.39 8.66 | 32.92 9. 82 3.35 | 191.3 . 356 . 182 

DURUM WHEAT SAMPLES 

Darker: tase eal en 11. 24 1. 52 7.64 | 34.82 | 11.37 3.06 | 175.2 . 857 . 273 

7401 Motiled===s2==s25 =" 8. 97 1st 6.38 | 29.62 9. 82 3.02 | 172.0 . 718 . 244 
Starch sass 8. 23 1. 24 5.36 | 24.22 8. 02 3.02 | 166.6 . 680 . 245 

Dank 2 ie es 11.10 1. 44 7.47 | 34.34] 11.14 3.08 | 173.3 . 778 . 303 

7402 |; Mottled__-__-___-__ 9. 22 ph? 6.33 | 25. 25 9. 34 2.70 | 173.2 . 677 . 245 
Stanchiyesse =a 8.18 1.13 5.53 | 24.33 8. 14 2.99 | 167.2 . 676 . 243 


The titratable acidity of the flours milled from the starchy separa- 
tions was usually less than that found in the flours milled from the 
dark, hard, and vitreous portions. Exceptions to this are noted, 
however, in samples Nos. 7006, 7066, 7005, and 7154. The flours 
milled from the mottled kernels bearing these numbers have the 
highest titratable acidity. 

Again, as with the wheat, the percentage of protein, the percent- 
age of gliadin, the percentage of wet and dry gluten, and the water- 
holding capacity of the gluten decreased in those flours which were 
milled from wheats of an increasingly starchy character. 

The fact that the lower percentages of protein in the flours from 
the more starchy portions of the hard red spring and hard red winter 
wheat samples produced a loaf of bread not greatly inferior in size 
to that obtained from flours milled from the dark or most vitreous 
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textured kernels is indicative of two things: (1) The quality of the 
glutenin in the starchy kernels was equal to or better than that in 
the vitreous kernels; and, (2) the quality was as good as that in the 
vitreous types of kernels but that the quantity present was not very 
much below the amount required for producing the best volumes. 


COMPARISON OF AVERAGE RESULTS FOR EACH OF THE THREE 
SEPARATIONS 


In Table 6 are given for each of the three separations from all the 
samples except No. 7489 the average results for the various factors 
tested. The reason the results of the separations of this sample 
are not included is because no starchy separations was made, and 
to include the data of the other two separations would make com- 
parison impossible except between the dark and mottled separations. 
The data given show the dark separations to average highest in 
specific gravity, flour yield, milling gain, water absorption of flour, 
loaf volume, weight of loaf, color and texture of bread, ash in wheat, 
ash in flour, crude fiber in wheat, and crude protein in both wheat 
and flour. The mottled separations average highest in test weight 
per bushel both before and after scouring, weight per 1,000 kernels, 
and shorts yield. The starchy separations averaged highest in 
bran yield and fat content of wheat. 


TABLE 6.—Average of results for the three types of separations from all the samples! 


Dark Mottled Starchy 


Mestiweicht.(before:scouring) 2222. Se pounds__ 62. 2 62.7 61.4 


Mest weight (atter:scouring)=. 222 2 fe es dom 62.7 63.3 62.0 
Were his pekel CUOMKenmel se sters. ore: Na i es AN Te grams__ 31.9 33.0 31.8 
SC Clift GOT A Vi Uys ee eet ee ea hee wi Ne Se 1.3996 1, 3845 1.3425 | 
HOUT Viel Ge mem wenmme nso SRS eh ee eee per cent__ 73.0 1047 71.8 
IB Gaui VAG) Cl eee comes ee ee rece sil a ee Se dou 14.3 1B & 16.3 
SHORISHyICl (eee oe wiseta ee Vee 2 ea SR er Fok dows 14.3 14.5 13.0 
IVinting¢ Calne ieee = te a ee dou +1.6 +0.7 +1.1 
Waele a D SOLD LOM 2aemer = es yam re in Pe oe Gomes 59.3 56. 8 53.9 
WMoataVOlunN Gace ede =e ee Ss cubie centimeters__ 2047 1960 1947 
Velo Old Oaitecmeeemimmennt ts: LORI see er ne oe grams__ 498 494 485 
WOLOIZOR LCs ieee ee ee ae PS oe oe score__ 93.0 92.9 92.3 
Texture of bread_________ cs OAL Ti Eig oN ey ee Cates peeeeer nD Rea dose 90. 9 90. 4 89.3 
PANS Hayy GA 2 een Tah eS le pee a J per cent__ 1. 83 1.78 1.74 
PESTS DEEL OU e eeeeea Peal So om eT IR ORES dona 571 525 496 
riad ester Meany s ses = ere APR TRE OS eA douae 2. 65 2. 50 2753 
Crudemropeinguiiwheat2ss-o. eee dol. 11. 98 9. 61 8.75 
Crude pLoteinsne NOUN seus ES ae Pee SS ty domi 11. 23 8. 74 7.91 
PRL bainaviplt Calta eee ee re en ere ee oo et te a dows 1, 84 | 1.85 1. 93 


1 The results from the hard red winter wheat sample No. 7489 are not included here, because no starchy 
type separation was made; neither are the acidity results for sample No. 7506. 
2 Basis 13.5 per cent moisture content, 


SUMMARY 


Particular attention is called here to the fact that this experiment 
and the conclusions here given have chiefly to do with differences in 
quality among the dark, mottled, and starchy types of kernel texture 
within the same sample and do not apply to differences between 
samples. The data given show, however, the occurrence of wide 
differences between samples of the same class or variety, when grown 
under different conditions, even to the extent that the highest quality 
shown for any of the separations from one sample may be lower than 
the lowest for any of the separations for another sample. 
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Summarizing the results it was found that of the three types of 
kernel texture compared, the dark type, for the three classes of wheat 
studied, was consistently highest in specific gravity, usually highest 
in flour yield and color of loaf, decidedly superior in water absorption, 
weight of loaf, and crude protein content, and slightly higher in ash, 
crude fiber, and acidity. In the hard red spring and ee red winter 
wheats, but not in the durum, the dark type of kernel was also slightly 
highest in loaf volume and texture of bread. 

The mottled kernel type was superior in test weight per bushel and 
weight per 1,000 kernels but not to any very marked degree. In 
most of the other qualities this type was of medium grade. 

The starchy type of kernel was slightly superior to the other types 
in average fat content of wheat and in bran yield for all three classes 
of wheat tested, and in the durum wheat samples produced the bread 
of greatest volume and of best texture. In almost all the important 
milling and bread quality factors the starchy kerneis, except of the 
durum wheat samples, were inferior to the other types. 

The dark kernel separations averaged lowest in fat content of 
wheat. The mottled kernel separations averaged lowest in bran 
yield, milling gam, and crude fiber in wheat. The starchy kernel 
separations were lowest in all the other factors listed. 

Judged from the standpoint of these averages it would appear 
that the dark kernels were decidedly superior to the other types of 
kernels and that the starchy Kernels were just as decidedly inferior. 
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